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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a base sheet capable of obtaining good 



solderability, free from the excessive spread of solder and exhibiting suitable 
solder wettability by plating the surface of an aluminum base composite material 
with an Ni metallic layer or an Ni-P alloy layer to the thickness above the 
specified one as a substrate and plating the surface with Ni-Co, Ni-Co-B and Ni- 
B alloy layers to the thickness above the specified one as surface layers. 
SOLUTION: The surface of an aluminum base composite material is plated with 
an Ni metallic layer or an Ni-P alloy layer to >3 urn thickness as a substrate, and 
the surface is preferably plated with one or more kinds among an Ni-Co alloy 
layer, an Ni-Co-B alloy layer and an Ni-B alloy layer to so. 01 urn thickness as 
surface layers. Next, it is subjected to deaerating treatment of executing heating 
at a temp, rising rate of <200°C/hr in a reducing or nonoxidizing atmosphere or in 
a vacuum and executing holding at 200 to 500°C for a prescribed time. The 
substrate increases the adhesion of the surface layers with the aluminum base 
composite material and improves the corrosion resistance of the aluminum base 
composite material, and in the surface layers, good solderability can be obtd. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The base plate for the electronic equipment made from nickel plating 
aluminum radical composite characterized by for nickel metal layer or a nickel-P 
alloy layer being galvanized as a substrate layer on aluminum radical composite 
by 3 micrometers or more in thickness, and at least one layer in a nickel-Co alloy 
layer, a nickel-Co-B alloy layer, or a nickel-B alloy layer being galvanized as a 
surface layer on it by 0.01 micrometers or more in thickness. 
[Claim 2] nickel metal layer or a nickel-P alloy layer is galvanized in thickness of 
3 micrometers or more as a substrate layer on aluminum radical composite. At 
least one layer in a nickel-Co alloy layer, a nickel-Co-B alloy layer, or a nickel-B 
alloy layer is galvanized in thickness of 0.01 micrometers or more as a surface 
layer on it. Subsequently in a reducing atmosphere, a non-oxidizing atmosphere, 
or a vacuum The manufacture approach of the base plate for the electronic 
equipment made from aluminum radical composite characterized by performing 
degassing processing which heats with the programming rate of 200 degrees C 



or less per hour, and carries out predetermined time maintenance at the 
temperature of 200-500 degrees C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the base plate for the electronic 
equipment made from nickel plating aluminum radical composite with which good 
soldering nature is obtained and solder does not spread too much and in which 
moderate solder wettability is shown, and its manufacture approach. 
[0002] 

[Description of the Prior Art] It is the large capacity IGBT (Insulated Gate Bipolar 
Transister) which is easy to generate heat recently taking advantage of the 
features of the low-fever expansibility and high temperature conductivity although 
aluminum radical composite is the composite which made aluminum or an 
aluminium alloy distribute SERAMMIKUSU, carbon, etc. of the shape of fibrous 
or a particle and has been used for the field which requires reinforcement and 
abrasion resistance conventionally. It began to be adopted as the modular 



substrate etc. By the way, although the DBC substrate (Direct Bonding Copper: 
substrate which covered Cu to the ceramic plate) carrying Si chip etc. is soldered 
to said substrate, since aluminum radical composite has bad soldering nature, 
nickel was galvanized into the soldering part of aluminum radical composite, and 
soldering nature has been improved (JP,5-86481,A). 

[0003] However, although a detrimental oxidation coat will generate in soldering if 
said nickel plating layer is left about one week in atmospheric air, this oxide film 
is removed by the chlorine-based flux applied at the time of soldering, and 
soldering is made almost good. By the way, from the field of environmental 
protection, it tends to refrain from use, low chlorine-based flux and the flux which 
uses turpentine as a principal component come to be used instead of it, and, as 
for said chlorine-based flux, the non flux soldering method soldered all over a 
hydrogen gas ambient atmosphere furnace, the mixed-gas ambient atmosphere 
furnace of nitrogen and hydrogen, or an inert gas ambient atmosphere furnace is 
further developed from it in recent years, without using flux. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since there is no 
deacidification like chlorine-based flux, when an oxide film exists, there is a 
problem that solder wettability falls and soldering nature gets worse in said non 
flux soldering method. For example, if a DBC substrate is soldered in a reducing 
atmosphere (hydrogen-10vol% nitrogen) furnace using eutectic solder (Sn- 
37wt%Pb) after leaving nickel plating aluminum radical composite for one week 
in atmospheric air, the part non-joining (it does not get wet) and the part in which 
a fillet (padding part of solder) is not formed will actually be generated at works. 
For this reason, the good surface treatment approach of solder wettability is 
studied briskly. On the other hand, when solder wettability is too good, in order 
for solder to spread even to the field which makes solder unnecessary and to 
cause the fall of a poor appearance and a function, a mask is carried out by 
resists (epoxy resin etc.), the breadth of solder is stopped, and there is a problem 
that productivity is checked. 



[0005] Since it was such, this invention person etc. inquired about the surface 
treatment approach of aluminum radical composite which shows moderate solder 
wettability that good soldering nature is obtained and solder does not spread too 
much in a non flux soldering method, did the knowledge of moderate solder 
wettability being obtained by as a result galvanizing predetermined nickel alloy to 
aluminum radical composite, advances research further and came to complete 
this invention. This invention aims at offer of the base plate for the electronic 
equipment made from nickel plating aluminum radical composite with which good 
soldering nature is obtained and solder does not spread too much and in which 
moderate solder wettability is shown, and its manufacture approach. 
[0006] 

[Means for Solving the Problem] Invention according to claim 1 is a base plate for 
the electronic equipment made from nickel plating aluminum radical composite 
characterized by for nickel metal layer or a nickel-P alloy layer being galvanized 
as a substrate layer on aluminum radical composite by 3 micrometers or more in 
thickness, and at least one layer in a nickel-Co alloy layer, a nickel-Co-B alloy 
layer, or a nickel-B alloy layer being galvanized as a surface layer on it by 0.01 
micrometers or more in thickness. 

[0007] Invention according to claim 2 galvanizes nickel metal layer or a nickel-P 
alloy layer in thickness of 3 micrometers or more as a substrate layer on 
aluminum radical composite. At least one layer in a nickel-Co alloy layer, a 
nickel-Co-B alloy layer, or a nickel-B alloy layer is galvanized in thickness of 0.01 
micrometers or more as a surface layer on it. Subsequently in a reducing 
atmosphere, a non-oxidizing atmosphere, or a vacuum It is the manufacture 
approach of the base plate for the electronic equipment made from aluminum 
radical composite characterized by performing degassing processing which heats 
with the programming rate of 200 degrees C or less per hour, and carries out 
predetermined time maintenance at the temperature of 200-500 degrees C. 
[0008] 

[Embodiment of the Invention] In invention according to claim 1, the substrate 



layer of nickel metal galvanized on aluminum radical composite or a nickel-P 
alloy raises adhesion with the aluminum radical composite of a surface layer, and 
improves the corrosion resistance of aluminum radical composite by galvanizing 
all over aluminum radical composite further. Moreover, said surface layer 
consists of at least one sort of a nickel-Co alloy layer, a nickel-Co-B alloy layer, 
or a nickel-B alloy layer, and shows the moderate solder wettability in which 
soldering nature with any good alloy layer is obtained, and solder does not 
spread too much. 

[0009] In 5 - 15wt%, the effectiveness as the substrate layer is the best, and the 
content of P of the nickel-P alloy layer of said substrate layer is demonstrated. 
Moreover, in 1 - 5wt%, the effectiveness as a surface layer is the best and the 
content of Co in the nickel-Co alloy layer, nickel-Co-B alloy layer, or nickel-B 
alloy layer of a surface layer and B is demonstrated 10 - 30wt%, respectively. 
[0010] In this invention, the reason for specifying the thickness of said substrate 
layer to 3 micrometers or more is because there is a possibility of the base of 
aluminum radical composite being exposed in less than 3 micrometers, and 
stopping achieving the duty as a substrate layer, and is especially desirable. [ of 
the thickness of 5 micrometers or more ] On the other hand, since thermal 
resistance will increase, and heat dissipation nature will fall and it will also 
become the cause of a cost rise if a substrate layer is too thick, 20 micrometers 
or less are desirable. In this invention, the reason for specifying the thickness of 
said surface layer to 0.01 micrometers or more is because that effectiveness is 
not fully acquired in less than 0.01 micrometers, and especially desirable 
thickness is 0.02 micrometers or more. Even if the thickness of a surface layer is 
thicker than 5 micrometers, the effectiveness is saturated, it is uneconomical and 
its 5 micrometers or less are desirable. The same effectiveness is acquired even 
if it forms said surface layer by two or more alloy layers. Moreover, even if it 
forms a lower layer by nickel metal layer and the nickel-P alloy layer, it does not 
interfere. 

[001 1] in this invention, aluminum containing alloys of arbitration, such as pure 



aluminum or an aluminum-Si alloy, and an aluminum-Mg alloy, use for the 
aluminum used as the matrix of aluminum radical composite - having - 
moreover - distributed material - SiC, AIN, Zr02, Si3 N4, and Si02 etc. -- fiber 
or particles, such as ceramics or carbon, are used, and the combination of said 
aluminum alloy and distributed material is arbitrary. Since the coefficient of 
thermal expansion is small, when said aluminum radical composite was excellent 
in thermal conductivity, and it is used as an electronic equipment base plate, 
stripping of the generation of heat of electronic equipment is carried out good. 
Since especially both aluminum-Si alloys and carbon fiber have a small 
coefficient of thermal expansion and approximate mutually, aluminum radical 
composite constituted by both has [ that it is hard to produce peeling between 
aluminum matrix and distributed material ] the high dependability of aluminum 
radical composite. Moreover, since an aluminum-Si alloy has good fluidity nature, 
quality aluminum radical composite is obtained. As distributed material with a 
small coefficient of thermal expansion, fiber (particle), such as SiC, AIN, Zr02, 
etc. besides carbon fiber (particle), is mentioned. 

[0012] After invention according to claim 2 galvanizes a substrate layer and a 
surface layer on aluminum radical composite, it is the manufacture approach of 
the base plate for the electronic equipment made from nickel plating aluminum 
radical composite which carries out degassing processing on a reducing 
atmosphere, a non-oxidizing atmosphere, or heating conditions predetermined in 
the inside of a vacuum (that is, the plating liquid which permeated aluminum 
radical composite is remove), and according to this manufacture approach, a 
surface layer does not deteriorate but moderate solder wettability is obtain. A 
hydrogen gas ambient atmosphere furnace, the mixed-gas ambient atmosphere 
furnace of nitrogen and hydrogen, a non-oxidizing atmosphere furnace, a 
vacuum furnace, etc. are used for said degassing processing. 
[0013] In this invention, the reason for specifying the programming rate in said 
degassing processing at 200 degrees C or less per hour is for the plating liquid 
which permeated aluminum radical composite to evaporate rapidly, and for 



bulging to arise in a plating layer, when it exceeds 200 degrees C. Moreover, the 
reason for specifying whenever [ in said degassing processing / stoving 
temperature ] at 200-500 degrees C is for aluminum radical composite's 
deteriorating at the temperature which the plating liquid which permeated 
aluminum radical composite at less than 200 degrees C is not removed, but 
exceeds 500 degrees C, or beginning to melt. Moreover, since there is a 
possibility that a surface layer may deteriorate when the temperature taken out 
from a furnace exceeds 100 degrees C, it is good to cool in a furnace to the 
temperature of 100 degrees C or less. The reason for performing said degassing 
processing in a reducing atmosphere, a non-oxidizing atmosphere, or a vacuum 
is for preventing oxidation of surface layers, such as a nickel-Co alloy layer, and 
deterioration. 

[0014] The substrate layer and surface layer on said aluminum radical composite 
are possible also for that it is simple to form by the wet galvanizing methods, 
such as the electrolysis galvanizing method and a nonelectrolytic plating method, 
and forming with PVD, a CVD method, etc. by low cost, although it is desirable, 
and its degassing processing is unnecessary in this case. 
[0015] 

[Example] An example explains this invention below at a detail. 
(Example 1) Electrolysis plating of the nickel layer was carried out as a substrate 
layer at the aluminum radical composite (3mm in thickness, width of face of 
90mm, die length of 150mm) which scattered carbon fiber to the aluminum- 
20wt%Si alloy by 35vol(s)%, and electrolysis plating of a nickel-Co alloy layer, a 
nickel-Co-B alloy layer, or the nickel-B alloy layer was carried out as a surface 
layer on it. Subsequently, after rinsing, degassing processing was carried out and 
the base plate for the electronic equipment made from aluminum radical 
composite was manufactured, said substrate layer and a surface layer - plating 
thickness - within this invention convention, degassing processing conditions 
were boiled variously and changed. The detail of a production process is shown 
below. A supersonic wave is given for aluminum radical composite in trichlene. 



cleaning -> ethanol washing (10-second immersion) ~ the activation 
( HNO3400ml/l. -- the KOKEISAN EX100g/l. made from + KIZAI --) by the etching 
-> rinsing -> acid by the -> rinsing -> alkali water solution (NaOH30g/l.) To 
******** go second immersion -> rinsing -> zincate processing -> rinsing -> acid- 
washing (immersed in HNO3500ml/l. water solution) -> rinsing -> zincate 
processing (immersed in super zincate SZ made from KIZAI for 15 seconds) -> 
rinsing ->nickel electrolysis plating -> rinsing -> A nickel-Co alloy, (It is immersed 
in the super zincate SZ made from KIZAI for 30 seconds) A nickel-Co-B alloy or 
nickel-B alloy electrolysis plating -> rinsing -> degassing processing according in 
the inside of distilled water to a ultrasonic-cleaning -> ethanol washing -> 
desiccation -> hydrogen gas furnace. Each plating conditions of said nickel, a 
nickel-Co alloy, a nickel-Co-B alloy, and a nickel-B alloy and the conditions of 
degassing processing are as follows, 
[nickel electrolysis plating] 

Plating liquid: NiSO4240g/l., NiCI2 45g/l., H3 B03 30g/l., an additive A-1 
(10ml/(l.)), A-2 (A-1 and A-2 are a product made from Kamimura Industry) 
(1ml/(l.)). 

Plating conditions: Resistance-welding-time 12 minutes at the time of 10 
micrometers in 5 A/dm2, 55 degrees C of solution temperature, and plating 
thickness. 

[nickel-Co alloy electrolysis plating] 

Plating liquid: NiSO4180g/l., CoS04 60g/l., NiCI2 45g/l., H3 B04 30g/l. 
Plating conditions: Resistance-welding-time 30 seconds at the time of 0.5 
micrometers in 5 A/dm2, 55 degrees C of solution temperature, and plating 
thickness. 

[nickel-Co-B alloy nonelectrolytic plating] 

Plating liquid: NiCI2 10g/l., CoCI2 45g/l., NH4 CI12g/l., 4 (C two H5) NBr45g/l., 
NH3 160cc/l., NaBH41g/l. 

Plating conditions: It is immersion time amount 10 minutes at the time of 0.5 
micrometers in immersion and plating thickness in liquid with a temperature of 



40-45 degrees C. 

[nickel-B alloy electrolysis plating] 

Plating liquid: NiS04 240g/l. NiCI2 45g/l., H3 B04 30g/l., trimethylamine borane 
3g/l. 

Plating conditions: Resistance-welding-time 3 minutes at the time of 0.5 
micrometers in 1 A/dm2, 55 degrees C of solution temperature, and plating 
thickness. 

[Degassing processing] 100% hydrogen gas ambient atmosphere furnace use, 
the programming rate of 50 degrees C/hour, the retention temperature of 300 
degrees C, the holding time It is furnace cooling to 1 hour and 80 degrees C. 
[0016] (Example 1 of a comparison) Substrate layer thickness, surface layer 
thickness, and degassing processing conditions were made into the outside of 
this invention convention, and also the electronic equipment base plate made 
from aluminum radical composite was manufactured by the same approach as 
an example 1. 

[0017] About each nickel plating aluminum radical composite manufactured in the 
example 1 or the example 1 of a comparison, whenever [ solder divergence and 
solder wetting angle ] was measured, and comprehensive evaluation of the 
soldering nature was carried out. Measurement with the same said of the 
conventional material which galvanized nickel, and evaluation were performed. In 
addition, solder divergence carried plate solder on nickel plating aluminum 
radical composite, all over 100% hydrogen gas ambient atmosphere furnace, 
heated this in the programming rate of 40 degrees C / hr, and 300 degrees-C x 
30 minutes of heating conditions, and **(ed) and asked for it in the solder area 
before heating the solder area after heating. The Pb-50wt%Sn alloy with the 
thickness of 0.2mm, a width of face [ of 1 6mm ], and a die length of 30mm was 
used for said plate solder. Moreover, whenever [ wetting angle / of solder ] 
expressed melting solder with the average of the include angles alpha and beta 
to which the front face of a sink and both the edges of the longitudinal section of 
the arbitration passing through the core of the solder 4 after coagulation makes 



with nickel plating layer 2 front face on the surface layer 3 formed through the 
substrate layer 2 on the aluminum radical composite 1, as shown in drawing 1 . 
In the acceptance standard, solder divergence made whenever [ 1-1.5, and 
solder wetting angle ] 30 or less degrees. A result is shown in Tables 1-3. 
[0018] 
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[Table 2] 
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[Table 3] 
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[0021] It was what whenever [ divergence / of solder / (solder wettability) and 
wetting angle / of solder ] satisfies an acceptance standard, and is synthetically 
excellent in each No. 1-23 of the example of this invention (example 1) so that 
more clearly than Tables 1-3. A surface layer seems moreover, to have not 
exfoliated. On the other hand, example 1 of a comparison No. 24-28 and No. 29 of 
the conventional material It was what whenever [ divergence / of solder / (solder 
wettability) and wetting angle / of solder ] is less than an acceptance standard, 
and is synthetically inferior in each, moreover, No. ~ exfoliation was accepted 
partially [ 24 and 25 ] to a surface layer. This is because the substrate layer was 
thin. 

[0022] (Example 2) Aluminum radical composite which scattered SiC fiber to the 
aluminum-12wt%Si-1wt%Mg-1wt%Cu alloy by 60vol(s)% (3mm in thickness) 
Nonelectrolytic plating of the nickel-5wt%P alloy was carried out to width of face 
of 90mm, and 150mm long, electrolysis plating of a nickel-Co alloy, a nickel-Co-B 
alloy, or the nickel-B alloy was carried out on it, degassing processing was 
carried out at the last, and the base plate for the electronic equipment made from 
aluminum radical composite was manufactured, a substrate layer and a surface 
layer - plating thickness - and within this invention convention, degassing 
processing conditions were boiled variously and changed. nickel-5wt% - it 



manufactured by the same approach as an example 1 except P alloy plating. The 
nonelectrolytic plating conditions of a nickel-P alloy are shown below. 
[nickel-P alloy nonelectrolytic plating] 

Plating liquid: DX-M made from Kamimura Industry (100ml/(l.)), and DX-A 
(50ml/(l.)). 

Plating conditions: Immersion time amount 30 minutes at the time of 10 
micrometers in 90 degrees C of solution temperature, and plating thickness. 
[0023] (Example 2 of a comparison) The plating thickness of a substrate layer 
and a surface layer and degassing processing conditions were made into the 
outside of this invention convention, and also the electronic equipment base plate 
made from aluminum radical composite was manufactured by the same 
approach as an example 2. 

[0024] About each nickel plating aluminum radical composite manufactured in the 
example 2 or the example 2 of a comparison, whenever [ solder divergence and 
solder wetting angle ] was measured, and comprehensive evaluation of the 
soldering nature was carried out. Measurement with the same said of the 
conventional material which galvanized nickel, and evaluation were performed. In 
addition, solder divergence carried plate solder on nickel plating aluminum 
radical composite, all over the mixed-gas furnace (nitrogen 90vol% and hydrogen 
10vol%), heated this in the programming rate of 40 degrees C / hr, and 400 
degrees-C x 30 minutes of heating conditions, and **(ed) and asked for it in the 
solder area before heating the solder area after heating cooling. The Zn- 
10wt%aluminum alloy with the thickness of 0.2mm, a width of face [of 16mm ], 
and a die length of 30mm was used for said plate solder. Moreover, the same 
approach as an example 1 measured and estimated whenever [ wetting angle / 
of solder ]. In the acceptance standard, solder divergence made whenever [ 1-1 .5, 
and solder wetting angle ] 30 or less degrees. A result is shown in Tables 4-6. 
[0025] 
[Table 4] 
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[Table 5] 
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Ni-B 1 


l.i o 


2 6° 0 


0 


62 
63 


N i — P 10 
N 1 — P 10 


Ni-B 3 
Ni-B 5 


1.2 O 

1.3 O 


2 6° O 
2 5° O 


o 
o 



[0027] 
[Table 6] 





No 












it 
« 


64 


N i — P 1 


Ni-Co 0.5 


0.5 X 


4 7° X 


X 


65 


N I — P 2 


Ni-Co 0.5 


0.5 x 


4 5° X 


X 


66 


N I — P 10 


Ni-Co 0.008 


0.7 X 


4 0° X 


X 


67 


N i — P 10 


Ni-Co-B 0.008 


0.8 X 


3 9° X 


X 


68 


N i — P 10 


Ni-B 0. 008 


0.6 X 


4 7° X 


X 




69 


N 1 10 




0.5 X 


5 5° X 


X 



[0028] It is an example of this invention (example 2) so that more clearly than 
Tables 4-6. No. 41-63 were what bulging of a plating layer is not accepted, and 
satisfies the acceptance standard of the breadth of solder, and is synthetically 
excellent in soldering nature. A surface layer seems moreover, to have not 
exfoliated. On the other hand, example 2 of a comparison No. 64-68 and the 
conventional material Each No. 69 was less than the acceptance standard, and 
soldering nature was synthetically inferior, moreover, No. - exfoliation was 
accepted partially [ 64 and 65 ] to a surface layer. This is because the substrate 
layer was thin. 
[0029] 

[Effect of the Invention] As stated above, the base plate for the electronic 
equipment made from aluminum radical composite of this invention Since 
substrate plating of the nickel layer is carried out on aluminum radical composite 
at proper thickness and the surface layer of a nickel-Co alloy layer, a nickel-Co-B 
alloy layer, or a nickel-B alloy layer is galvanized by proper thickness on it Said 
surface layer is stuck to aluminum radical composite good, and excessive solder 
breadth is controlled and said surface layer can plan cost reduction in the 
reduction list of a soldering man day, in obtaining good soldering nature, in order 
to show moderate solder wettability. Moreover, the base plate of said this 



invention can be easily manufactured by performing degassing processing on a 
reducing atmosphere, a non-oxidizing atmosphere, or heating conditions 
predetermined in the inside of a vacuum, after galvanizing a substrate layer and 
a surface layer in predetermined thickness. Therefore, it is useful to the substrate 
of the mass IGBT module which is easy to generate heat etc., and remarkable 
effectiveness is done so on industry. 



[Translation done.] 
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2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of whenever [ wetting angle / of solder ]. 
[Description of Notations] 

1 Aluminum Radical Composite 

2 Substrate Layer 

3 Surface Layer 

4 Solder after Coagulation 

nickel plating layer front face on the front face of a edge of the solder after alpha 
and beta coagulation, and the include angle to make 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 
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(57) imn 

MHi fctiN i - PMIiW§ 3 ju mELL£«>-3 § § 
il, -e COHzmWMt LTN i -C o^JI, Ni-C 
o-B-S^M. tlziiNi-B&&M<7)o-h<7yJi>%:<b 
i> 1 M#J¥3 0 . 0 ljumELtfcafr-^SfrO^. 
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[ mmn 1 ] s £atei*±KT*w t lt n i & 

tu ^tnBzmmmh ltn i -co^ti, ni-c 

ifctiN i -B-^M^5*><7)4M&<i: 
i> 1 0 . 0 l^ml^±t4f)o#§fLTV^^i: 

[ If *II 2 ] 5 S££#_hfc:TifcJi L LTN i A 

L, fOitiffii^LTNi-Co^ii, Ni-C 
o-B-^fl^fc(±N i -B^JfOo'kO*i«S:< fct> 
lJf£J¥§0. 0 l^mlil±tfe-5#L. &^T®7Ctt 

0 2 0 0T:I^T«#ffi3STMLT 2 0 0-50 0*C 
[0 0 0 1 ] 

[0 0 02] 

|JJl I GBT (Insulated Gate Bipolar Transister) ^6 

IBSStttS if-<yT£i:£*gftLfcDBCS& (Dire 
ct Bonding Copper: -t y 5 </ ^XtCC u £KSL/tS 

m^ft, 7/l-$S^«^¥ffltfl^ v tNi£to~^ 
LT¥ffltftt£E£#LTV^ (Sif5-8648 1^ 

&#) » 

[0 0 0 3] UpU PfSN ift-?#/ftt. 
il^^S^M LT £ < fc 

tit. m-. mmsmcomfrt>. msmm 

x^'fflv^iil, X o fc&D, S&tii, 777nJffl 
[0 0 04] 

mmmmLXottmmi l^l. miByy^^ 



7?XfHftat!l i«l77 7?X!Ii:'*m 

h\ mmzTMx\ n ifto#r;psa^w&^^ 
t 1 mmmmifz^, d b ca«£±± H H B (±,u: ( s n 
-37wt%Pb) zmmiiimmn (7K«-iovona 

-is mm $ tiit^o mmm s . 

[00 0 5 ] iOiofcif:*^ »|ff(i/y7 
7 -y ? t ^T i> ilff £¥ffltf'M# $>tl& 

[0006] 

T^SS^«±(cT*Mt LTN i AMJli3t(±N i 
- P££JIj&W$ 3 mJJLhtfeo S Zil. ^Hzm. 
MMt LTN i -C o-^-^Jl, N i -C o-B^-AJl, 
i/S(iN i -B^Jf<7)a%0^^<i;t lJi^JPS 
0. 0 UimiU±(Cfe-^#$ilTV^^fc^#Sfct-|> 

n i to^i r;pssa^«sm^stiffl^-xKT"fe 
[0007] m$m2sffl<mmi. r^sa^«± 

tcTffiMi: LTN i ■&MM£fztiiN i -P^Jf^J¥§ 
3//mjyji(cft-5# L LTN i -C 

o-^#M. N i -Co-B^ifi^iiN i -B^M 
<7)3%<50^< fci 1JI^J¥§0. 0 l/imJSLht^o 
#L ^^TisTuttffHm. #S^tt»Hm. ^L^tiJE 
£*T\ 1 I^Sfct 0 2 0 0°cmT^#^iiST"jD^L 

t 2 o o - 5 o o'ccoumizfrnmrnim-titimmm 

-X«<7)im73tfeT"S>!> 0 
[00 08] 

im&mmmm ] it *ji i lEis^BHtfe v ^t . r 
^sasa^*f±tfto#sii5N i#Mt^(±N i - p 

mtb. ^ ^zT}V^mU^±m\>z^%~fhl\Uzi. 
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ti, Ni-Co^-AJl, N i -Co-B^A|, 

N i -B^JfO^<fct 1 *U ^~ftL 

[0 0 09] fTlETffiilON i - P-&£JI<Z>P<ZHNrA 

i^<^WSill>o int^Il»Ni-Co^|, N 
i - Co-BMl^tiiN i - B-fr£Jffcii(t£ C 
o, Bc^fMi^ WPftl 0 — 3 0wt%, l~5wt 

[ooio] zvmmziiv\x, mmrmmcomz £ 3 

ju mj^±ta^t Sa*«±, 3 ju m*ilT1±T^ s sit 
*fc § & < SrSSti^fc S £ 5 ju mELLtf) 

tanffiii^iis * o . mj^Jitffl^tsaifi, 

0. 0 l//m*}iT1±^^S^'-h^t#^ix^^fcft 

•cfc o,5// miiir^'a^ u \ flna^ffiWiiKR<o£- 

iAJWitsitifN i -Pi^JfT'7lMLT£>ilL3a& 

[0011] icofMHtfev^, T)U^mm^co^h 
VvfXbb&TfrStzfc *£A 1 , 4fc(4A 1 - S i 

a i — m g t"ff*c7)r^ s * 

ti, ifcftffctffcliS i C, A 1 N , Zr0 2 „ Si 3 
N 4 , Si0 2 5rt*co-t^5 a-feli^-sKy* 

^m^h^tiamxh s . friars $ s^Mii^fs* 
tih, mz. a i -si&&t#-$>wmmm%m 

^m^til A 1 S^W±A 1 V h U v?Atft 

mtt nmkMtftim. tm < rsv $ mmittomm 

tffifc LT(±, (KX) coffi, SiC. A 

1 n s z r o 2 ^t"oii*i m^) wmft>ii&. 
[0012] mm%2mun%m*. r^sa^M± 
izTi&M&xvmmmztb^^itzco-h. m^mm 

immmm. ttz\±n^x?m^t\m^^x 
mmmti w-h. nv^mm^mzmmitznb^^ 

m^-mnmmirmx\ zcommmizkmi.. m 



[0013] zcomuz&^x. wmmmmxco^ 
mm* 1 msht: 020 omFtase-rssiii, 2 

0 0°C£ Si S b T)V 5 Si^WdSS # 

h . a t?iBM^aT"oj[]^a^& 200-500 °c 
tcss-rsaitt. 2 0 o°c*ffiTi±r^sa^wt 

iSBtL!tfto#JSP3ri:*3&q^§^-f, 5 0 0°C^gil> 
•Sfc. ill^'tf Lfe D t^M^Sfcto, 1 0 0 

rmitmm%. ima\mm%. ttdm^xnd 
[0014] Buisr^saa^«±^Tffiiifc iv'^B 

mz£ Lv^\ 

z\<7yM^mwmfi^mxfc& . 

[0015] 

o 

(SUtWi ) a 1 - 2 0wt%s i -^t*-!i<y«*tS' 

3 5volZ4J«S-frfcT^5Sa-^W (J¥$3mriK t§9 

0 mm. ^$ 1 5 0 mm) ^TttJli: LTN i MZVM 
fo->%L, ZtoUiZmMb LTN i - Co^I, N 

1 -Co-B^Ii«±N i -B^m^MMUb-o^ 

m^\mm^-xmwmLtz „ MiETteuifc it/^ffi 

loft^^J¥§. a^MMH^fr(±. *^0M5E^t"S^ 
0 3 400ml/ += 3 f-*fW (ft) S^^-f-tfyEXlOOg/ 

■f>f (ft) Mx-^-^y^-bszt30#^il) -7j< 

2t-»lia(HND3 500ml/ *?§«t?I}I) ^*^y> 

isfiwjai) -»*afe-»N 1 nm*b-> ^^k^n i -c o 

N i - Co-B^Mt(iN i -BMtfilft-^ 

m-^ykmtfxmzx&mmm, mien i , n i -c 0 

Ni-Co-B^ Ni-B^«#fc-o^ 

ft-o^M : N i SO 4 240g/ „ N i C 1 2 45g/ 

H 3 B 0 3 30g/ . ^MIJA- 1 (10ml/ ),A-2 
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dmi/ ) (a-i,a-2 (i±ttx^ (ft) S> . 

5 A/dm 2 , ffi&5 5°C, 1 
OjumOfc&tfjjMBUBIl 2ft, 
(N i - Co^fSfto^] 

: N i SO 4 180g/ . CoSO 4 60g/ 
N i C 1 2 45g/ . H 3 B 0 4 30g/ 
ft-o#*f+: 5 A/dm 2 , ?SS5 5°C, fto^JfS 
0. 5jum(7)i:#(7)iM:^3 0#„ 
C N i — C o - B^mSfft-o £ ) 

NiC 1 2 10g/ . CoCl 2 45g/ 
NH 4 C112g/ , (C 2 H 5 ) 4 NBr45g/ , N 
H 3 160cc/ , NaBH 4 lg/ 

: fSS4 0-4 5 a Com^zW3,, 

§0. sum^b^mmMmoft. 

(N i -B^tlSfeo^] 
fcll:NiS0 4 240g/ , N i C 1 2 45g/ 
, H 3 B 0 4 30g/ , h^WS>*7> 3g/ 

lA/dm 2 , m&5 5V, #>o£ff§ 
0. 5jum<9f:&0>iKll£|S|34h 

cjUKmssn i o o%fcmi}^mmmmm, m^mst 

5 0 °C/b#Pb1 ftfti&K 3 0 0 *c, ffiSB#r B 1 1 B#p H l, 

8 0°CST"^o 





No 




(im 




Aim 


mm it 


mnm 




* 

16 

m 


i 


N i 


3 


Ni-Co 


0.5 


1.1 


O 


2 6° O 


O 


2 


N i 


5 


Ni-Co 


0.5 


1.2 


o 


2 4° O 


O 


3 


N i 


1 0 


Ni-Co 


0.5 


1.2 


o 


2 4° O 


o 




4 


N i 


1 5 


Ni-Co 


0.5 


1.2 


o 


2 5° O 


o 




5 


N 1 


2 0 


Ni-Co 


0.5 


1.2 


o 


2 5° O 


o 




6 


N I 


1 0 


Ni-Co 


0.01 


1.0 


o 


2 8° O 


o 




7 


N i 


1 0 


Ni-Co 


0.02 


1.1 


o 


2 6° O 


o 




8 


N I 


1 0 


Ni-Co 


0.1 


1.1 


o 


2 5° O 


o 




9 


N i 


1 0 


Ni-Co 


1 


1.2 


o 


2 5° O 


o 




10 


N i 


1 0 


Ni-Co 


3 


1.4 


o 


2 2° O 


o 




11 


N 1 


1 0 


Ni-Co 


5 


1.4 


o 


2 3° O 


o 



[0016] (mm i ) rmmz , mmmmz , m 

[0017] mmm 1 ttditmm 1 x-mm 

^mmnnmmim tx^mimm^wmtfz . n 
i Lttvn&Mtiiz^xiiffimnmfe. if 

Hfwc. mmmA o°c/h r , jn»*#3 o o°c 

It'lUfftt. fufE«Mtfi. J¥§0. 2mm. 
fgl 6mm. 4|$3 0mm^Pb-5 0wt%Sn^-#^ 

/L/KH^W 1 ±fc. TMJH2 ^LTMSfifcH 

ffscoiffif mconmMiomm^N i nbn^m 2mm t% 

OJtti 1~ 1 - 5 , ¥fflilftft£li3 OglilTt Lfc. 
[00 18] 

mi] 



[0 0 19] 



[H2] 
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[0 0 20] 





No 


TJfifi wm 


lira. 




mmm 




m 
m 


12 


N I 10 


Ni-Co-B 0.01 


1.0 O 


2 7° o 


o 


13 


N I 10 


Ni-Co-B 0.02 


l.i o 


2 5° O 


o 


14 


N i 10 


Ni-Co-B 0.1 


1.1 o 


2 4° O 


o 


15 


N I 10 


Ni-Co-B 1 


1.2 O 


2 4° O 


o 


16 


N i 10 


Ni-Co-B 3 


1.4 O 


2 0° O 


o 


17 


N i 10 


Ni-Co-B 5 


1.4 O 


2 2° O 


o 


18 


N I 10 


Ni-B 0. 01 


1.0 O 


2 7° O 


o 


19 


N I 10 


Ni-B 0. 02 


l.i o 


2 6° O 


o 


20 


N 1 10 


Ni-B 0. 1 


1.1 o 


2 5° O 


o 


21 


N I 10 


Ni-B 1 


1.2 O 


2 4° O 


0 


22 
23 


N i 10 
N I 10 


Ni-B 3 
Ni-B 5 


1.4 O 
1.4 O 


2 3° O 
2 2° O 


o 
o 


[S3] 




No 


TJfiH wm 


lira 


mm it 


mmm 




it 
« 
w 


24 


N 1 1 


Ni-Co 0.5 


0.5 X 


4 5° X 


X 


25 


N I 2 


Ni-Co 0.5 


0.6 x 


42° X 


X 


26 


N i 10 


Ni-Co 0.008 


0.8 X 


3 7° X 


X 


27 


N i 10 


Ni-Co-B 0.008 


0.9 x 


3 5° X 


X 


2S 


N I 10 


Ni-B 0.008 


0.7 X 


44° X 


X 


*. 


29 


N i 10 


&L 


0.5 X 


5 5° X 


X 



[0021] mi-3£mt>fy%£oiz. *mm 
sio^k^^. zttizm. immicv no. 

24-28, fi£*WONo.29 (i, ivf^^H^)/^ Jt 
0 , USmz^h i> CDTfc -> tz „ £ fcNo.24, 25l±m 



[00 22] ( USSM 2 ) A 1 - 1 2 wt% S i - 1 wt% 
Mg-lwt%Cu^#tS i C*8*t£ 6 0volM[£^ 
tzTlV^mU^ (J?£3mnu |90mm, Si 5 0 
mm) £N i - 5wt% P^£ftS«f#>-o # U *<9± 
CNi-Co^l Ni-Co-BM, iJttiNi- 
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ftTH * Cfj t £ "frfc: . N i — 5 wt% P ^-Aft -5 § 
«±HS6^Jlfc|S|t:*&tJ:0SS&Lft:. Ni-P^i« 

CNi -p-^iswi?fto#] 

#>-3#?g : IftXm (W) fjDX-M(100ml/ h D 
X- A (50ml/ ) . 

ft-^^fr : itm9 0°C, ft-o^JJS 1 0/xmCOt 
[0 0 23] ( JtfBffl 2 ) Ttft/lfc i tmffil^ r> # 

[00 24] HS6^J2 £ ;t«rt3SM2T«L£#^ 



N itf^tT/H 



S^M±t«*ffl^iHt. ^ti*a«9 0voi^7KS 
1 OvolZwa^-^jptfC. #fiiiS4 0°C/h r . Jo 

Sft*fr 4 o o °c x 3 o ^T'jnii l , inmsmm^mm 

(i. J¥§0. 2mm, til 6mm,SJ 3 OmmOZ n 
- 1 0wt%A 1 £&£fflU3t. £ fc¥ffl?)iSflJ$£fi. 

ti. TOEa^Jtiil-l. 5, TOitU^fi30S 

[00 2 5 ] 
[^4] 





No 


ymm wm 




mm it 






* 

m 
m 


41 


N i — P 3 


Ni-Co 0.5 


1.0 o 


2 7° O 


o 


42 


N I — P 5 


Ni-Co 0.5 


1.1 o 


2 6° O 


0 


43 


N i — P 10 


Ni-Co 0.5 


1.1 o 


2 6° O 


o 


44 


N i -P 15 


Ni-Co 0.5 


1.1 o 


2 6° O 


o 


45 


N 1 — P 2 0 


Ni-Co 0.5 


1.2 O 


2 6° O 


o 


46 


N I — P 10 


Ni-Co 0.01 


1.0 O 


2 8° O 


o 


47 


N 1 — P 10 


Ni-Co 0.02 


1.1 o 


2 7" O 


o 


48 


N I — P 10 


Ni-Co 0.1 


1.2 O 


2 6° O 


o 


49 


N i — P 10 


Ni-Co 1 


1.1 o 


2 6° O 


o 


50 


N i -P 10 


Ni-Co 3 


1.3 O 


2 4° O 


o 


51 


N I — P 10 


Ni-Co 5 


1.3 O 


2 4° O 


o 
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No 








mmm 




m 
m 


52 


N I — P 10 


Ni-Co-B 0.01 


1.1 o 


2 8° o 


o 


53 


N I — P 10 


Ni-Co-B 0.02 


1.0 O 


2 7° O 


o 


54 


N i -P 10 


Ni-Co-B 0.1 


1.1 o 


2 6° O 


o 


55 


N I — P 10 


Ni-Co-B 1 


l.i o 


2 6° O 


o 


56 


N i -P 10 


Ni-Co-B 3 


1.2 O 


2 3° O 


o 


57 


N i -P 10 


Ni-Co-B 5 


1.2 O 


2 3° O 


o 


58 


N I — P 10 


Ni-B 0. 01 


1.0 O 


2 8° O 


o 


59 


N I — P 10 


Ni-B 0. 02 


l.i o 


2 8° O 


o 


60 


N 1 — P 10 


Ni-B 0. 1 


1.1 o 


2 7° O 


o 


61 


N I — P 10 


Ni-B 1 


1.1 o 


2 6° O 


0 


62 
63 


N i — P 10 
N I — P 10 


Ni-B 3 
Ni-B 5 


1.2 O 

1.3 O 


2 6° O 
2 5° O 


o 
o 






No 


TJfiH wm 


lira 


mm it 


mmm 




it 
« 


64 


N 1 — P 1 


Ni-Co 0.5 


0.5 X 


47° X 


X 


65 


N I — P 2 


Ni-Co 0.5 


0.5 X 


4 5° X 


X 


66 


N i — P 10 


Ni-Co 0.008 


0.7 X 


40° X 


X 


67 


N i -P 10 


Ni-Co-B 0.008 


0.8 X 


3 9° X 


X 


6S 


N I — P 10 


Ni-B 0.008 


0.6 X 


47° X 


X 




69 


N i 10 




0.5 X 


5 5° X 


X 
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(MMM2) <D No. 41— 63(4, ^->%m^M'MWsb^ 

tut. ± Jt^HojEa* o <r>&mmzm& 

•3=5r£i:i2ra^>fc. iti^MU Jt&ffl2tf) No.64- 

fa#ttai^W(:^-)fc. £tzHo.64,65itmmm 
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o£&JI, N i -Co-B-^&lifcliN i 

^mmmtm^m § -> % $ *it ^ h cox\ mam 
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tf>^ ilTcttSH^ #SHtttSH^ itfi^StfT 



[01 ] ^fflOiI^ftEolFJHT"^l> 0 

i r^sa^w 

3 SHU 
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